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A DATA ACJULSTTION AND PRIOCASS ING SYsSThM #OR SIX COqPORENT sULLL
ROCKET “OTUR [RSTING

L1 Zhaomin, Liu Jing, Li Baojiang, Xu Zhuping

P

Summary: This ariicle inteolaces iz PDIP-11/03 wicrocoapaii=s o0 fh=
collection and pcocessing of data fromn six component tesis of solidg
rocket motors. It discusses the coamponents of this system, its
Tapanilicies aad special characiarisiics. Finally, it gives aasured
values for the static precision of the system in test measurzuznts.
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FORWARD

Test platforms for the six component testing of solid cocket
MOtors Ar2 principally used in measucing the thrust eccenicicity
oroduced in the operaiing proc es of solid fuel rocket wotors.
During the perioa of motor opefation, the siz=z of tine cthoust
eccantricity values and tnelr dicection chanye candoaly. Geazxs Wiy,
theough the Lasts, measuc2aents ars carried out. However, Che hunia
orocessing of test data 1s both wast=2€ful of labor and tim= ani also
vrone Lo prodac: 27 rors. Ia ocder o oaake Bz collaciion anld
processing of data from tests on the thrust eccentriciicy of solia
rocket motors automated, we took the PDk-11/03 microcomputer anug

]

appli=21 ik to the azasuraeaznal for 50l rocket motocr six

3
nt results.
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componant tests, obtaining excelle

1, SYSTEM COMPONENTS

Th=2 s301l1id rocket moior six component iLesi m2asuccment Systew 1s
Jdcincipally cowpos =1 of the coaporacaics b2low: ihe bosit bed or
olacfora, sensors, strain gauges, amplifiers, A/D convericos,
compuiers, and othes similar components,  The scheaailc too Lhe
Lesh o me s duul Sslaa Lo oas shown 1o Fig, 1ot
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Ti3., 1.1 Schematic diagram of the test systsw (1) Synchronous
conkrol devices (2) 3Solid rockei aokor six componznt t2si platform
(3) Six teasiie and prz2ssure seasors (4)  Dynamic strain insceaazni
(5) Dats amplifi=r (6) A/D coanvertor (7) Optical oscilloscooz (5)
20P-11/03 Micorcomputer (9) Tecainal disptay (l0) Princzs (L)
Sott magnetic disk  (12) Grapnics peinker

2. SYSTEM FUNCTIONS AND CHARACTEKL3VICS

This system's funcitions ace principally to carry out ta2
collecition and processiayg of exparimcntal dakta. ALl togetnec, it nas
5 proyrcans: ithe six companent Lorce expaeria@nt Stanuarcaization a.tz
collection pcogram, the six component [orce experimeni 3Lana4raization
data processing program, thae six conponent force exgoriaeni gaia
collection program, the six component focce wxpecilaent dqata processing
proyram, and the six component force experiment System ChieCk proycan.

The main charactarisktics of these are as follows.

N




2.1 Data Collection

Standardization daia and expacimental daca collechion Hoin aare
152 of advanced mixing aand prograan composiiion L2cnniljaes. 35 0 oS
PASCAL language and PDP~11 HACRO languaje alging a1t projoaa
composicion is concerned, it nakes the advaniay2 of tie
inexpensiveness of compiler language and thz2 skrony polnt ob ci=
represantational power of ths PASCAL languagye come iLoyztiec ina -a
organic way. This type of method for the conpiling of programs is, at
th2 oresent time, the programing applied with the greatest eflfici-ncy

(=

£ th2 compiling of prograns ia e sofiwars of dafa cnliaciioa,

2.2 Data Processing

In the processsing of standacdizainion lita and experiazntal data;
ti1e high level FORTRAN language was selected for use in the
coaposition Of progoans in Dok Cas2s, 1a ocd2c Lo wmake the proyraas
7/ to r2ad and easy to chanje, we ook Lth: 3iandAard cortianus anu
wreotz commnands to gather and arrange. When moving, wa ficst coannscie
cie orint pori for the eniry of the original print aata. Atitec vaac,

42 orinted the computacional vesults in layer ocders Flnally, wz

srinted out charactecistic curves for the chaages over Liae o7 ©h2

-
Y

15t 2ceent-icity distance,

2.3 System Checks

In the case of the six coaponznt Coreces exp=7iasntal Systan <heck

g, we also opted to use th> PASCAL languay:z and PD2-11 4ACRO

Tangaagas for oaixing and progean compilation,  Taz2s: projraas wole

ased in the checking of static systza szability, <2ro point deviation

valuzs, diagnostic operations of A/D converters, as well as
sup=2cvisory checks of the syst2a.  Thoy wec2 ani only adie o) aaiataln

the reliability of the system. They were ailso abl: to ~alse ho

w
oracisicon of Ehe expoerimental measucements.




3. HMAIN ISSURS SETTLEDL THROUGH THR STUDLRES Un Uiths HXo g

The main issues which were setiled tChrough 217 studias Da D113
systam Were: programmiayg technidguaes, ~oliabl: A/D intoiation;
synchronous conirol; anl ochz2c similar issuss

3.1 Reliabl: Initiaciona of A/D
In o-12r &> raliably initiate A/D converters, it 1s ascessacy o
resolve 9D problens:  chleckiag ©o S22 LD A/D Zonvedclbers Atz 1 207 aal
oparaicion or noi bafore the experianents, and, ducing £h: tL23t3, aiking
th2 A/D convaerters initate or Activat2 in a precisely speriiied way.
In thue casz of the £icst problaa, 1t was resolved ihrough th: s/s5t.ms
chack progean.  In ths case of tha second problem, we opted to use th:
"short circuit-coastant voltage" method in ocder to solve ik, TL is
only necessary for the synchronous initiato~ d2vice o nol qciivazae oo
the ignition voltage to not makbtch spacification values, 1hz 479
convariar devices are all unadle to aciivate., This also avolas

aciivation causad by

interference signals from the nutsiaz,

3.2 S[Syachicoaoirs Coatcol

Th2 DT1761 modal A/D converter's 0 path acts as the daiicaiad
activaiion path., Before motor ignition, one ne=2ads Lo guarantze i
the 0 patnh is in the "0" statce when itne ignition 3ijnal is given,; i
is ne=cessary to guarankse that thz2 ) pain s in tne "1" siatn»: (taab
i3, th2 2ollection state)., This systea sclecis £for use ihe
synchronous clrcait break=c azthod,  Ti is anle to celiably guaranceo
that tha aocor igniites anad the A/D convaoiers actlvat2 at Lh2 s-ae
tinz. Besides this, in ith2 design of softwace, the syachronous
control comeands are also able Lo guaraatee the synchiroanils asilvaiion

of the A/D convertec

4, THE PRECISION OF TEST MEASUREMENT SYSTEMS

Wiz ocarcying oub omeasurz2ments ot static

Jrecision,

onz taxkes

300003, 3ho4ala iasnorazacs, anplitisers, computers, and other slwllar
d2vices and includes thenm all togeihaze as one sei in oraze ©o
comprenensively d2al wich th2 errors produced in tha vasioas
individual links. As far as ihe siaiic pracision 25 axial i asi -l
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tateral thrust is concscned, they are m=asurad 3eparaiely, o Cylle
DL measus2aenis 1s standardized as a wiole 5 cimes.  EAacn Losration OF
staadaridization chooses five laovals of load increase and decreas.c. 19
the case of each single iltecation of load iacroase and load d-2-: 5.,

tha cowmputer and oscilloscope measurement systems simanlianzously coaoy

out collection and recording. They sepacately calculate out

Ji

non-linear errors, ecrors following ovarload, and repetitcive :cror
The results of measurements of static precision clearly show that the
ercor for this system in the collection ang processing of asta tcoom

ts of

six conponznic forcaes is within 0.6%. However, the ercor for

computer system for collection and processing is higher than the
pcecision of data processing by hand. The causzs of chis and azasur:s
taken are listed below,
(1) A/D converters take recursive check forinulas andg, througnout
the process, carry out collection in seqguence on the six comapoa=ni
forces. The tim2 intecval betwsen @ach of the sampling polncs
s:lected was 1 ms (the sampling period was T = 0.001 s). 1T1ae porac
count foc each path in collection and processing, as compaced Lo tie
Doint number selected for data to be processed by hand (genzvally
salectad as 20-30 points), is 30 fold greater or wore. This caised
the precision of all the average thsust eccentricity values weasucaed.
(2) The checks prograa for the sSysitea oo Lesi e six coaponng
forces 1s capable of carcying out diagnosis on the test measas 2aeai
systeas and the A/D converters. 1If it discovers a problem, it is =asy
2 iavestigate and analyze.
g2 2ilinminated the

V7]

(3) Thes computer collectina and processing sy
nanual measucenent =rcocs caused by data processed by hanid and various

types of human ercors.
{-

As far as the using of a system composed of the FLP-11/03
compuiar to gather and process data foon escs oa the six coaponent
forces in solid fuel rocket motors is concerned, the precision was

nigh. The speed was fast. Edach cun ftrom testianyg through cotlezcrion

to processing only required 5 min, A3 coaparad Lo he spoad ok

L2rocessing data by hand, this was highsze by LO0 foilu or wos, we

-

achelved the automation of the colleciion and processing of daita on

P

aeasdrenenits of the thruasi 2ccentriciby of solid fu2l rocket wotors,
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